New electrocardiographic (ECG) criteria for the diagnosis of inferior myocardial infarction (IMI) are proposed. The criteria are based upon the relationships between portions of the vectorcardiographic (VCG) QRS loop in the frontal plane and the corresponding portions of the ECG QRS complexes recorded in leads II and III. The application of the proposed criteria requires that the tracings be obtained with three-channel ECG machines so that the temporal relationships between the QRS complexes in lead II and those in simultaneously recorded lead III can be inspected. This type of analysis of the ECG permits important features of the contour of the VCG QRS loop to be predicted. The proposed ECG criteria for the diagnosis of IMI are: in the absence of counterclockwise rotation in the frontal plane, (1) Q waves of 30 msec or longer in lead II or (2) regression of initial inferior forces from lead III to lead II.
SUMMARY New electrocardiographic (ECG) criteria for the diagnosis of inferior myocardial infarction (IMI) are proposed. The criteria are based upon the relationships between portions of the vectorcardiographic (VCG) QRS loop in the frontal plane and the corresponding portions of the ECG QRS complexes recorded in leads II and III. The application of the proposed criteria requires that the tracings be obtained with three-channel ECG machines so that the temporal relationships between the QRS complexes in lead II and those in simultaneously recorded lead III can be inspected. This type of analysis of the ECG permits important features of the contour of the VCG QRS loop to be predicted. The proposed ECG criteria for the diagnosis of IMI are: in the absence of counterclockwise rotation in the frontal plane, (1) Q waves of 30 msec or longer in lead II or (2) regression of initial inferior forces from lead III to lead II. The proposed ECG criteria were evaluated in an initial series of 333 patients and, using a blind experimental design, in a confirmatory series of 94 patients. The performance of the proposed criteria was statistically superior to that of two sets of ECG Q-wave criteria and comparable to that of the VCG criteria of Starr et al. THE TRADITIONAL electrocardiographic (ECG) criteria for the diagnosis of inferior myocardial infarction are less sensitive than vectorcardiographic (VCG) criteria. We have evaluated a new set of ECG criteria for the diagnosis of inferior infarction. In developing the new criteria, we emphasized the relationships between the morphology of various portions of the QRS complex of the ECG and the corresponding portions of the VCG loop. By so doing, we hoped to approximate the greater sensitivity of the VCG for the diagnosis of inferior infarction.
Our proposed ECG criteria for inferior infarction differ from current criteria because the proposed criteria use the temporal relationships between portions of the QRS complexes recorded in lead II and those recorded in lead III. Such an analysis requires that the ECGs be obtained using three-channel recorders.
These machines, which have been in widespread clinical use for several years, inscribe the ECG complexes in leads I, II and III simultaneously, which permits the relative times of inscription of the QRS complexes in each of these leads to be determined.
Methods

Selection of Patients
For the initial evaluation of the proposed ECG criteria, 333 patients, ages 26-68 years (mean 59 years), who underwent coronary arteriography and left ventriculography from January 1976 to January 1981 at the Syracuse Veterans Administration Medical Center were studied. Of these, 139 patients (group A) had angiographic evidence of previous inferior myocardial infarction as determined by the presence of a 75% or greater obstruction of the dominant coronary artery and either asyneresis, akinesia or dyskinesia of the inferior wall of the left ventricle as determined by contrast ventriculography in the 300 right anterior oblique projection. The dominant coronary artery is defined as either the right or the circumflex artery, depending on which supplies the posterior descending coronary artery. There were no patients with codominant coronary circulations in our series. The remaining 194 patients (group B) had no significant narrowing of the dominant coronary artery and no abnormality of the motion of the inferior wall of the left ventricle, and thus constitute the group of patients without inferior infarction. The remainder of the 218 patients who underwent coronary arteriography at our hospital during the above period were not included in the present study because they had either a 75% or greater obstruction of the dominant coronary artery without abnormal motion of the inferior wall of the left ventricle, abnormality of the motion of the inferior wall in the absence of a 75% or greater obstruction of the dominant coronary artery or ECG evidence of left bundle branch block. The cineangiograms of all the patients were interpreted by two cardiologists with extensive experience in coronary arteriography. Disagreements in interpretation were resolved by reviewing the films with another angiographer. The patients in groups A and B were selected for study without regard to their ECG or VCG findings, except that patients with left bundle branch block were excluded as noted above. Collection of Data An ECG was obtained from each patient on the day before catheterization using either a Marquette MAC 1-T or a Hewlett-Packard Model 1517-A electrocardiograph. These machines use three channels and simultaneously record leads I, II and III. then leads aV, Abbreviations: AS = aortic stenosis; Al = aortic insufficiency; MS = mitral stenosis; MR mitral regurgitation; MVP = mitral valve prolapse; IHSS = idiopathic hypertrophic subaortic stenosis; AMI anterior myocardial infarction. aVL and aVF, then leads V1, V2 and V3 and finally, leads V4, V5 and V6. Recordings were made at a paper speed of 25 mm/sec. To be certain that the three channels were operating simultaneously, the relative times of onset of the 1.0 mV standardization marks inscribed by each of the three channels were inspected. In most cases, the standardization marks were inscribed simultaneously. However, when the times of onset of the standardization marks were not identical, a correction for the discrepancy was made in the analysis of the QRS complexes. For example, if the standardization mark in channel 2 began 10 msec before the marks in channels 1 and 3, the QRS complexes in lead II were considered to have actually begun 10 msec later than they appeared to start on the tracing.
In 67 of the patients in group A and in 86 of the patients in group B, VCGs in the frontal, horizontal and left sagittal planes using the Frank lead system and an Instruments for Cardiac Research model 1001 vectocardiograph were also obtained on the day before catheterization. The VCG criteria used for the diagnosis of inferior myocardial infarction were those of Starr et al.2: In the frontal plane, generally clockwise early superior forces must be present. These are defined as forces that are initially either superior (rightward or leftward) or inferior and completely rightward for not more than 10 msec before becoming superior and which subsequently cross the x-axis to the left of the 0 point (or, less commonly, the entire efferent limb remaining superior to the x-axis). At least one of the following must also be present: (1) time from the 0 point to the leftward x intercept of at least 25 msec and distance from the 0 point to the leftward x intercept of at least 0.30 mV; (2) a maximal frontal plane vector above 15°(less than 15°); or (3) a maximal superior deviation of at least 0.10 mV and a ratio of maximal superior deviation to maximal inferior deviation of at least 1:5.
These VCG criteria were chosen because they have been shown to have the highest overall accuracy for the diagnosis of inferior infarction of three different sets of criteria tested.5
Rationale for Developing the Proposed Criteria On the basis of the above VCG criteria, our ECG criteria for the diagnosis of inferior myocardial infarction were proposed and are shown in table 2. Counterclockwise rotation in the frontal plane is inferred when the point of maximum deflection of the QRS complex in lead III precedes the point of maximum deflection of the QRS complex in lead LI ( fig. 1 ). Tracings are considered negative for infarction on the basis of the direction of rotation in the frontal plane only if counterclockwise rotation is identified, and not if either clockwise rotation is present or if the direction of rotation cannot be determined by examining leads II and III. Regression of initial inferior forces from lead III to lead II occurs when the initial portion of the QRS complex in lead II is more negative than is the corresponding portion of the QRS complex in lead III. Regression of initial inferior forces from lead III to lead IL may exhibit the following patterns: (1) a taller initial R wave in lead III than a simultaneously recorded initial R wave in lead IL; (2) an initial R wave in lead III and a simultaneous isoelectric segment in lead II; (3) an initial isoelectric segment in lead III and a simultaneous Q wave in lead II; or (4) a shallower Q wave in lead III than a simultaneously inscribed Q wave in lead LI.
In developing our criteria for diagnosing inferior infarction, we used the known relationships between the features of the QRS complexes in leads I, II and III and the corresponding VCG loop to predict the contour that this loop would exhibit. The direction of rotation of the loop is inferred by comparing the time of inscription of the points of maximum deflection of the QRS complexes in leads II and III ( fig. 1 ). Other features of the contour of the loop can also be predicted by inspecting leads II and III ( fig. 2 ). Whether leads II and III begin with an R wave or with a Q wave allows one to predict whether the loop begins to travel inferiorly or superiorly to the E point. Whether there is regression or progression of initial inferior forces permits one to predict whether the loop begins to travel to the right or to the left of the E point.
Because one of the components of the VCG criteria has to do with the amount of time that the initial portion of the QRS loop remains superior to the E point, we empirically evaluated the possibility that the criterion of a 30-msec Q wave in lead IL, III or aVF should be incorporated in the proposed ECG criteria. The presence of a 30-msec Q wave in lead II, III or aVF makes it likely that the initial portion of the VCG loop remains superior to the E point for approximately 30 msec ( fig.   2B ). Another component of the VCG criteria is a ratio the relative effectiveness of their VCG criteria for the diagnosis of inferior infarction. To the right of each loop are diagratn.s oJ the QRS cotnplex.es in scalar leads II and III that correspond to that /oop. In tlle upper panel. the directiotn oJ'rotationi oj'thle loop i.s clockwiise. Since the iniitial portion oJf the loop i inaczximiiallv represented oni the positive half of' tle axis oJ leaCd II before it is na'xinimall r-ep/-c senited on the positive hal]'of the axis ojf leid III, the peaCk ofthe R wvave in lead II precedes the peaik oJ' tle R iiwave in leld III. In the loIwe patiel. the directioni oj'rotation of'the loop i.s couniterclockivise. Sinfce the initiail portionI o th' loo0) is inaxiinally represented on the positive hal/Jo'f/the axis of'leald III beftore it is tnaxima/all represetnted on the positive ha/f ofthe axis o( letad 11I the peak of the R wave in leacd III preced.s the ptoak (f t'he R w-vave inl lead 11. of maximal superior deviation to maximal inferior deviation of at least 1:5. Therefore, we also evaluated the possibility that a ratio of Q-wave amplitude to subsequent R-wave amplitude of at least 1:5 in lead aV should be included in the proposed ECG criteria.
Comparison ECG Criteria
To provide a basis for evaluating the proposed criteria, the ECGs of all 333 patients were also interpreted according to the following additional sets of criteria for the diagnosis of inferior myocardial infarction: (1) Q waves of at least 30 msec duration in leads II, III and aVF (2, 3, aVF criterion); (2) Q waves of at least 30 msec duration in lead aVE without regard to leads II and III (aVF criterion).
Comparison criteria I and 2 were chosen because they were the ECG criteria used by Starr et al. to assess
Confirmatory Series
To evaluate the proposed ECG criteria further, two additional groups of patients were studied in a blinded fashion. These groups, designated group A' and group B', were each composed of 47 patients who met the same criteria for selection as the patients in groups A and B. respectively. The 94 patients in this portion of the study were 32-65 years old (mean 52 years) and had had catheterization and ECGs performed at the Crouse-Irving Memorial Hospital, a community hospital in Syracuse. from July 1980 to April 198 1. Before their interpretation, the 94 ECGs of these patients were arranged in a sequence that corresponded to the numerical order of the patients' hospital identification numbers. These identification numbers were unrelated to the patients' diagnoses. Thus, the ECGs were interpreted according to the proposed criteria and comparison criteria I and 2 without knowledge of the patients' angiographic findings. VCGs were not performed on any of the patients in groups A' and B'.
Analysis of Data
The relative odds, i.e., the odds of being a case among patients who screen positive relative to the odds among those who screen negative, were chosen to measure the diagnostic capabilities of the ECG and VCG criteria. The measurement of relative odds incorporates both the sensitivity and specificity of a test and is not affected by the proportion of cases being evaluated. It is defined by the formula (sensitivity) (specificity) (Isensitivity) (Ispecificity) Logistic regression analysis was used to assess the respective contributions to relative odds by the proposed and traditional criteria.' In addition, for patients with discordant predictions by the proposed vs traditional criteria, the hypothesis of no difference in performance was evaluated by the sign test corrected for continuity and by Fisher's exact test."' To control the type I error for multiple tests, two-tailed p values < 0.01 were taken to indicate statistical significance at the joint 5Yc level. Results
Overall Performance
The uniqueness of the proposed criteria involves the derivation of "contour information" from the ECG. The components of the proposed criteria that constitute contour information are the assessment of the direction of rotation in the frontal plane and of the regression of initial inferior forces from lead III to lead II. In the initial series, these contour criteria alone had a sensitivity of 82% and a specificity of 93%cc (relative odds 61:1). Table 3 shows the perforn1ance of the scalar criteria (Q waves and Q:R amnplitude ratio in the infe- . Vectorcardiographic QRS loops in the frontal plane superimposed upon diagrams of the triaxial reference system. To the right of each loop are diagrams of the QRS complexes in scalar leads and III that correspond to that loop. When a segment of the loop is represented on the positive halfofa given lead axis (the left half in lead I and the inferior halves in leads II and III), the portion of the scalar QRS complex that corresponds to this segment is inscribed above the isoelectric line in that lead. Conversely, when a segment of the loop is represented on the negative halfofa lead axis, the corresponding part ofthe QRS complex in this lead is inscribed below the isoelectric line. The magnitude of the deflection of a given portion of a QRS complex in a lead axis is related to the extent to which the corresponding segment of the VCG loop parallels the axis of that lead.9 For example, if the initial 10 msec of the loop is perpendicular to the axis of lead II, but not to leads I and III, then the QRS complexes recorded by lead II will appear to begin 10 msec later than those recorded by leads I and Ill. The QRS complexes in panels A and B meet the proposed criteriafor inferior infarction and the QRS complexes in panels C andD do not. (A) Clockwise loop that initially travels to the right ofthe Epoint and remains inferiorfor only a short time. Because the initial portion of the loop is more nearly parallel to the positive half of the axis of lead III than it is to the positive half of lead IH, the R wave in lead III is taller than the R wave in lead II. (B) Clockwise loop that initially travels superiorly and to the right ofthe E point. Because the initialportion ofthe loop is perpendicular to the axis of lead III, the first portion of the Q wave in lead I1 coincides with an isoelectric segment in lead III. (C) Clockwise loop that initially travels inferiorly and to the left of the E point (therebyfailing to conform to the VCG criteria ofStarr et al.2). Since the initial portion of the loop is perpendicular to the axis of lead III and is more nearly parallel to the positive half ofthe axis of lead IH, the initial part ofthe R wave in lead II coincides with an isoelectric segment in lead III. Thus, there is progression, rather than regression, of the initial inferiorforces from lead 1II to lead II. (D) Counterclockwise loop that initially is perpendicular to the axis of lead II and is more nearly parallel to the positive halfofthe axis oflead III. Although this results in regression of initial inferiorforcesfrom lead III to lead II, because the peak ofthe R wave in leadIIIprecedes the peak ofthe R wave in lead II, counterclockwise rotation in thefrontal plane can be inferred. Therefore, the proposed criteriafor inferior infarction are not met. rior leads), both alone and when each is combined with the contour criteria. Because the combination of the criterion of a 30-msec Q wave in lead II with the contour criteria resulted in the highest value of relative odds, this combination was selected as the proposed criteria.
The performance of the proposed and comparison ECG criteria and the VCG criteria are summarized in table 4 . The performance of the proposed criteria in the diagnosis of inferior myocardial infarction rivals that of the VCG and is generally superior to that of either of the comparison ECG criteria.
More detailed analyses were performed to test the significance of including the proposed criteria along with the comparison criteria and the evidence for favoring the proposed over the comparison criteria.
Joint Analysis of the aVF and Proposed Criteria
We first tested whether the joint use of the proposed and aVF criteria would constitute a significant improvement over the use of the aVF criterion alone. The 2, 3, aVF criterion was not included in this test because a preliminary analysis using multiple logistic regression showed that the joint use of the 2, 3, aVF and aVF criteria would not be an improvement over the use of the aVF criterion alone (x2 = 0.02, p > 0.95). Multi- ple logistic regression analyses were applied to both the initial and confirmatory series of patients as classified in table 4.
In the initial series, the maximum likelihood estimate of the contribution to relative odds by the aVF criterion was 4.5:1 (p < 0.001). The proposed criteria contributed an additional factor of 63.4:1 (p < 0.0001). This indicates that both sets of criteria contribute to the identification of cases of inferior infarction. For example, if a patient screened positive by both of these sets of criteria, then the estimated odds of inferior infarction relative to the odds for a patient who screened negative by both sets of criteria were 4.5 x 63.4 = 285:1. In the confirmatory series, the estimate for the aVF criterion was only 1: 1 (p -1.0), but for the proposed criteria it was 812.4:1 (p < 0.0001). This indicates that the aVF criterion contributes, at most, in only a minor way and firmly establishes the diagnostic value of the proposed criteria.
When the aVF and proposed criteria are concordant, there is excellent discrimination between the presence and absence of inferior infarction in each series (table 5). When these two tests yield discordant results, the performance of the proposed criteria is superior to that of the aVF criterion (table 5). Of the 73 disagreements in the initial series, the proposed criteria correctly identified 59 (52 cases and seven noncases), while the aVF criterion correctly identified only 14 (seven cases and seven noncases). Similarly, of 17 disagreements in the confirmatory series, the proposed criteria correctly identified all (14 cases and three noncases). This impressive superiority of the proposed criteria is highly significant by the sign test (p < 0.0001). However, since the sign test implicitly weights according to the prevalence of cases in the population being studied, a more rigorous test of comparative performance was also applied. The validity of the latter, i.e. Fisher's exact test, is not affected by the level of case prevalence. In both the initial and confirmatory series, Fisher' s exact test also strongly favors the proposed criteria over the aVE criterion (p < 0.004 and p < 0.002. respectively).
Joint Analysis of the VCG and Proposed Criteria
Because the proposed ECG criteria were patterned after the VCG criteria, strong concordance in their joint use is not surprising. Fifty of 67 cases (75%) and 82 of 86 noncases (95%) were concordant (table 6) . More important, logistic regression analysis of the data in table 6 revealed not only that the VCG contributed strongly to the relative odds of inferior infarction, estimated at 900:1 (p < 0.0001), but also that the proposed ECG criteria contributed an additional factor estimated at 1200:1 (p < 0.0001). These independently potent indicators tended to offset each other when they disagreed. Thus, in 21 disagreements. the proposed criteria correctly identified 13 (1 I cases and two noncases) and the VCG correctly identified eight (six cases and two noncases) (p > 0. 3). Similarly, no overall advantage of either set of criteria over the other was indicated by Fisher's exact test.
The VCGs were used to evaluate the value of the proposed criteria in an additional way. Of the 153 patients who had a VCG as well as an ECG, we predicted the direction of rotation of the VCG QRS loops in the frontal plane by examining the ECG in 129 (84%). In the remaining 16% of these patients. the times of inscription of the points of maximum deflection of the QRS complexes in leads II and III were so similar that the direction of rotation of the QRS loop could not be predicted. In no case was a prediction of the direction of rotation made by examining the ECG found to be incorrect when the VCG was inspected.
Discussion
In a recent study that used angiographic data to evaluate three sets of ECG criteria for the diagnosis of inferior myocardial infarction ( Other investigators have also found that the sensitivity of the VCG for the diagnosis of inferior infarction is greater than that of traditional ECG criteria.'1 6 7 Our data show that the overall performance of the proposed ECG criteria is similar to that of the VCG criteria of Starr et al. The sensitivities of the aVF and the 2, 3, aVE Q-wave criteria in the present study are similar to the values of 28% and 60%, respectively, reported by Staff et al.2 for these criteria. The high degrees of sensitivity and specificity exhibited by the proposed criteria were found in a population of patients with a variety of cardiac diseases in addition to inferior infarction. The fact that the criteria correctly identify a large percentage of patients with inferior infarction in the presence of valvular disease, left ventricular enlargement and infarctions at other sites emphasizes their clinical value.9
The use of angiographic rather than postmortem data to evaluate the performance of ECG and VCG criteria for the diagnosis of myocardial infarction has been discussed.5 13, 14 Starr et al."5 studied 36 patients with coronary artery lesions associated with segmental abnormalities of ventricular wall motion (consisting of asyneresis, akinesia and dyskinesia, as in the patients in our study) demonstrated at cardiac catheterization who subsequently underwent postmortem examination. Thirty-five of these patients (97%) had areas of myocardial fibrosis that corresponded to the ventriculographic abnormalities. In the study by Hurd et al.,' inferior infarction was documented by a history of infarction and by typical enzyme elevations in addition to cineangiographic evidence. The fact that the sensitivity of the VCG criteria of Starr et al. in Hurd's study (82%) was similar to that found in the present study (81%) also makes it likely that the abnormalities of wall motion exhibited by our patients were due to myocardial infarction rather than to chronic ischemia in the absence of true infarction. Hurd et al. 5 have attributed much of the superior performance of the VCG compared to traditional ECG criteria for the diagnosis of inferior myocardial infarction to the "contour information" which the VCG provides.' The fact that our method of analyzing ECGs obtained with three-channel machines can be used to infer the contour information provided by the VCG is indicated by two findings of the present study. First, the use of all the components of the proposed criteria compared with only the use of a Q wave in lead II raised the overall performance of the proposed criteria to a level comparable to that of the VCG criteria. Second, in 84% of the patients who had had both an ECG and VCG, we predicted the direction of rotation of the VCG QRS loop in the frontal plane by examining the ECG. The proposed ECG criteria incorporate both "contour" (clockwise vs counterclockwise rotation of the loop and regression of initial inferior forces from lead III to lead IL) and "scalar" (30-msec Q wave in lead II) components, as do the VCG criteria of Starr et al. 2 The analysis of the ECGs described in the present study was readily made using tracings taken at a standard paper speed of 25 mm/sec. We did not evaluate the possibility that the analysis might be facilitated by examining ECGs recorded at faster paper speeds. Also, in evaluating our criteria, we confined our interpretation of the ECGs to the QRS complexes of only one tracing. The sensitivity and specificity of our criteria might be increased still further by using them to analyze the changes that occur in serial tracings.
The present study shows that much of the information provided by the VCG can be obtained by appropriately analyzing the more widely used ECG. Even where vectorcardiography is readily available, the ECG criteria that we have proposed permit inferior myocardial infarction to be diagnosed reliably without using an additional costly and time-consuming test. SUMMARY We sought to test the effectiveness of the ECG as a measure of increased left ventricular wall mass in children with high blood pressure. One hundred eighty-one children, ages 9-18 years, were selected from the lowest, middle and highest quintile of systolic blood pressure from the Muscatine Study, based upon two biennial school screenings. After correction for age, sex, height, weight and skinfold thickness, children with the highest blood pressure had increased echocardiographic left ventricular wall mass (p < 0.02). Voltage measurements of maximum R and S waves in the standard and precordial leads were measured by computer. We correlated blood pressure and echocardiographic measurements of the interventricular septum, left ventricular posterior wall and left ventricular wall mass to electrocardiographic combinations used to predict left ventricular hypertrophy in both children and adults. The electrocardiographic correlations ranged from -0.01 to + 0.17. Poor correlations were found between electrocardiographic measures and blood pressure, left ventricular wall thickness or left ventricular wall mass. Skinfold thickness and weight had negative correlations, suggesting a damping effect upon measured voltage. We conclude that the echocardiogram is a more sensitive measurement of increased left ventricular mass than the ECG in children with elevated blood pressure. ADULTS at high risk of cardiovascular disease can be identified by measuring serum cholesterol, blood pressure, smoking history, glucose tolerance and the presence or absence of electrocardiographic left ventricular hypertrophy. I Electrocardiographic evidence of left ventricular hypertrophy in adults is predictive of coro-nary heart disease.' Children with persistently increased systolic blood pressure have significantly greater left ventricular wall mass by echocardiography after correction for body size than do those with pressures in the middle or lower range.3 This study was undertaken to determine if the ECG could also detect a difference in left ventricular wall mass present between children with high-, middleor low-range blood pressure.
Methods
Population
Since 1970, the school children of Muscatine, Iowa, have participated in a screening program for coronary risk factors. Most of the children in the study (96.4%) are white. Based on consecutive school screening measurements in the years 1975 and 1977. we identified students whose systolic blood pressure was in the low (first), middle (third) or high (fifth) quintile for age. In 
